processing methods are currently more often applied, during which the final products are formed from a polymer melt. A considerable range of articles produced from recycled PETP bottles has now been developed. The main large-tonnage production is that of Lavsan PETP fibres (mainly staple) and the production of Sintepons and non-woven materials. A large segment of the market comprises the extrusion of sheets for thermal moulding on extruders with sheeting heads, and, finally, the most promising processing method is universally acknowledged to be the production of granulate suitable for contact with foodstuffs, i.e. the production of material for the recasting of preforms. Such material is produced by repeated recrystallisation and extraction under deep vacuum using high-tech equipment of such well-known manufacturers as EREMA, Bühler, OHL, Kreyenborg, and Berstorff. The comparatively low investments and service costs make such projects extremely attractive, and undoubtedly a huge amount of feedstock will be produced by this method in Russia in the near future.
Bottle semi-products can be used for technical purposes:
• during processing, recycled PETP can be added to the primary material;
• compounding-recycled PETP can be melted down with other plastics (for example, with polycarbonate) and filled with fibres for the production of technical parts;
• the production of dyes (superconcentrates) for the production of coloured plastic articles.
Likewise, purified PETP flakes can be used directly for the manufacture of a wide range of goods:
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• padding and staple fibres-"Sintepon" (thermal padding for winter jackets, sleeping bags, etc.);
• stuffing material for soft toys, pillows, etc.;
• carpeting;
• roofing;
• floor coverings for motor vehicles;
• films and sheets (coloured, metallised);
• trays for frozen produce (for use in microwave ovens);
• packaging (film aprons, egg and fruit boxes, packaging for toys, sports goods, etc.)'
• measuring cups (e.g. for washing powder);
• single-use pots for seedlings and saplings;
• packing twine (belts for the fastening of goods onto pallets for safe transportation);
• the inner layers of multilayer bottles (for yoghurt, fruit juice, etc.);
• bottles for process fluids (motor oil, antifreeze, brake fluid, etc.);
• injection-moulded articles of constructional designation (including articles of glass-filled PETP) for the motor industry, components of lighting and household apparatus, etc.
In any case, the initial feedstock for depolymerisation or processing is not bottle waste, which may have been lying on a waste dump for any length of time, and which is shapeless and greatly contaminated, but pure PETP flakes. We will examine the processing of bottles into pure plastic flakes on equipment of the Swedish company RETECH Recycling Technology AB.
The System REDOMA " industrial line has a throughput of 500 kg/h. The quality and consequently the cost of the final product depend in many ways on the quality and purity of the initial feedstock (PETP bottles). Thus, optimum processing according to the criteria of productivity, quality, purity, and, consequently, profitableness is the result of organising a system of collection, effective preparation, and sorting of feedstock.
Where possible, the bottles should be presorted, not mixed up with other plastics and contaminants. The optimum item for processing is a compressed bale of colourless PETP bottles (coloured bottles should be sorted out and processed separately). Where possible, the bale should correspond to the following indices (taking into account EC recommendations):
Maximum moisture content, 5% Maximum content of impurities: PVC bottles 0.25% solid objects (glass, metals, stones, etc.) 0% wood 0% contaminants (adhesive, grease, foodstuff residues, soil, etc.) 2% paper 2% polyethylene and polypropylene (components of bottles) 15% polyethylene and polypropylene bottles, other plastics 0.5%
The bottles must be stored in a dry place. Wet labels (the result of storage in the rain or snow) can affect separation in an air flow, and consequently this has an adverse effect on the quality of the PETP flakes. Therefore, before processing, wet bottles must be held for some time in a dry area of the plant.
It is recommended that the bottles be sorted beforehand, removing foreign matter, so-called "undesirable materials". Polyvinyl chloride (PVC) bottles must be removed particularly thoroughly, since even small amounts of PVC can create difficulties in the subsequent processing of PETP. The maximum permissible PVC content in pure PETP flakes is 0.25%.
Plastic sacks with PETP bottles are emptied into a loading hopper. After the bale has been loaded into the hopper, the twine holding the bale together must be removed manually. A big bag is hung on hooks over the loading hopper and turned inside out. After the loading hopper has been filled, it is raised by an electric hoist mechanism and the bottles fall out into the feed hopper.
The bale feeder is used simultaneously as a storage hopper with a uniform feed system and as a bale separator. The conveyer positioned on the floor of the hopper advances the bale towards three rotating screws which break up the agglomerates into individual bottles and feed them onto a discharge conveyer positioned in the transverse direction.
The bottom of the feed hopper is a scraper conveyer with claws, equipped with a variable drive. The bottles are moved slowly forward along the hopper and discharged onto the sorting conveyer. Loosely compressed bottles (bales with a maximum density of 150 kg/m 3 ) are automatically broken up inside the hopper. However, tightly compressed bottles (strongly compressed bales with a density of over 150 kg/m 3 ) are occasionally encountered, and these cannot be broken up in the hopper. Such bales can be broken up in a special highpower, expensive unit for the breakdown of compressed packs.
Depending on the degree of purity of the processed material, its sorting requires 3-4 workers. The bottles of coloured and uncoloured PETP must be separated, and foreign matter such as rubber, glass, paper, metal, and other types of plastic (PVC, PEN, PEVD, PS, etc.) must also be removed. The productivity of a single worker can be of the order of 125 kg/h.
In a single-rotor crusher equipped with a hydraulic pusher, PETP bottles are comminuted into coarse fractions with a particle size of up to 40 mm. During comminution, most labels are removed from the plastic.
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On the vibrating screen of the separator, the particles are divided into two fractions: coarse particles of PETP "leak" through the screen, while fine particles (mainly heavy fractions of contaminants) pass into the screen and are collected in a vessel beneath the separator.
A flotation tank is used to separate materials with different relative densities. PETP particles fall onto the inclined bottom, and a screw continuously discharges the PETP onto a water-separating screen. The floating particles (mainly polypropylene (PP) or polyethylene (PE) tops and rings) are moved to the rear part of the tank and removed by means of a rotating impeller. This material is collected in a special vessel with a perforated bottom, which is emptied manually.
The screen is used simultaneously to separate the water delivered together with the PETP from the flotation unit and to separate the fine fractions of contaminants.
The precrushed material is washed efficiently in a twostep inclined rotating drum with perforated walls.
The material moves forward along a spiral inside the drum and at the same time is turned over by vanes. At the first stage, the flakes are washed in an aqueous medium (water or a washing solution) using a system creating turbulent water flows (the cavitation effect applies). At the second stage, the material is continuously treated with jets of hot water fed from sprayer nozzles. The combined action of the turbulent hot water flows, the treatment with jets, and also the friction and interaction of particles as they rotate ensures good washing out of contaminants. The contaminants (organic and inorganic particles, paper, fine plastic particles) pass through the drum and are removed by means of a conveyer with a belt in the form of a fine-celled grid and a filter basket, which is an element of the vessel for heating the water. The water in the washing system is circulated with minimum losses.
The washed flakes fall into an inclined, slowly rotating drum manufactured from perforated sheet. As at the washing stage, the material moves forward along a spiral inside the drum and at the same time is turned over by vanes. At the first stage the material is treated continuously with jets of hot water fed from sprayer nozzles, and at the second stage water separation occurs. The wash water is collected in a heating water tank and fed back to the sprayer nozzles. The fine fractions of contaminant (residue) are collected in a filter basket.
The flakes are dried in a rotating drum manufactured from perforated sheet. The material is turned over in hot air flows. The air is heated with electric heaters. At the request of the customer, the electric heaters can be replaced with gas heaters, paid for separately. The humid air from elements of the unit (a, b, and c) is vented out of the building. This air can be used to intensify the process of predrying of wet bottles stored in the feedstock accumulation room.
At this stage, coarse PETP particles are comminuted into flakes, the size of which amounts to about 10 mm. It must be pointed out that the idea of processing consists in the material not being comminuted into commercial product flakes at the first comminution stage. The bottles are precrushed, forming pieces of about 40 mm size. Such process management makes it possible to avoid losses of material in the system, achieve the optimum separation of labels, improve the washing effect, and reduce blade wear in the second crusher, since glass, sand, and other abrasive materials are removed before the stage of recomminution.
The final process is similar to the process of primary air classification. Label remnants and PETP dust are entrained in an air flow and collected in a special vessel beneath the cyclone. The final product, pure PETP flakes, is poured into barrels or octabins beneath the classifier.
The efficient dust collection system guarantees the absence of dust in the ambient atmosphere. The dust is drawn from several points of the line, and over 98% is collected in a large vessel beneath the cyclone. Less than 2% gets into the filter bank bags, which must be emptied from time to time.
In this way, it is possible to solve the most serious problem of utilising recycled plastic containers with the production of a product that can bring a substantial profit. 
